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5. Hinsichtlich der Zusammenfassung 
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® In a piezoelectric actuator of the type which has 
a plurality of grooves on the outer side surface of the 
actuator body, mechanical reliability of the actuator 
is enhanced by providing grooves also in the re- 
spective layers of a nnateriai exhibiting electrostric- 
tive effect located over and below the top and the 
bottom ends of the actuator. Moreover, a further 
improvement of mechanical strength can be attained 
by providing additional grooves onto the outer most 
grooves. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a piezoelectric 
actuator, and more particularly, to a slit type piezo- 
electric actuator. 

Description of Related Art 

A piezoelectric actuator is a transducer which 
converts electric energy to nnechanical energy by 
using the electrostrictive effect of a piezoelectric 
element. 

More specifically, an electrostrictive effect ele- 
ment utilizes the strain generated in the piezoelec- 
tric element which exhibits a large electrostrictive 
effect, such as a lead magnesiunn niobate-lead 
titanate ceramic and a lead zirconate titanate ce- 
ramic, when an electrode made of a metal or the 
like is formed on each of two facing surfaces of the 
piezoelectric element, and a drive voltage is ap- 
plied between the electrodes. 

In the above-mentioned electrostrictive effect, 
the strain that is generated in the direction parallel 
to the applied electric field {longitudinal elec- 
trostrictive effect) is ordinarily about twice as large 
as the strain generated in the direction perpendicu- 
lar to the electric field (lateral electrostrictive ef- 
fect), so that it is advantageous to utilize the for- 
mer, and the conversion efficiency from the elec- 
trical energy to the mechanical energy is also high. 

In an piezoelectric actuator which utilizes the 
longitudinal electrostrictive effect (referred to as an 
actuator hereinafter), the amount of displacement 
per unit length of the actuator is substantially pro- 
portional to the intensity of the applied electric 
field. 

Namely, in order to obtain a large amount of 
displacement it is necessary either to apply a high 
voltage between the opposing electrodes or to re- 
duce the distance between the facing electrodes. 

However, there is required a large-sized and an 
expensive power unit in order to apply a high 
voltage, and hazard in handling is also increased, 
so that it is more desirable to reduce the distance 
between the facing electrodes. 

Heretofore, there is proposed a piezoelectric 
actuator having the laminated ceramic capacitor 
type structure to realize the actuator with smaller 
distance between the facing electrodes. 

The structure of the actuator with the above- 
mentioned type is shown in FIG. 1A and FIG. 1B. 

FIG. 1A is a cross-sectional view of the ac- 
tuator taken in a plane parallel to the lamination 
direction of the element. In addition, FIG. 1 B is a 
projected view of the actuator in the lamination 
direction thereof. 
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As shown in FIG. 1A, this actuator consists of a 
ceramic part where internal electrodes are provided 
in its interior with a specified spacing, and a ce- 
ramic part where no internal electrode is involved. 

5 The ceramic part which has the internal elec- 

trodes in the interior is ordinarily called an active 
layer 1 , and it is the part which contributes to the 
operation as an element by generating the longitu- 
dinal electrostrictive effect in the ceramic when a 

70 voltage is applied between the internal electrodes. 

In the active layer 1 , internal electrodes 3a and 
3b are formed with a specified spacing in the 
interior of ceramic 2, alternately connected for ev- 
ery other layer to external electrodes 4a and 4b 

75 that are provided on the side face of the actuator, 
and the adjacent internal electrodes are mutually 
forming facing electrodes with a ceramic layer in 
between. 

The distance between the internal electrodes 
20 can be made to have a minioium value of about 10 
M.m by means of the ordinary laminated ceramic 
capacitor technology. 

On the other hand, the part which does not 
have in its interior the internal electrodes is ordinar- 
25 ily called an inactive layer 5, and it is the part 
which does not contribute to the operation of the 
actuator without showing the electrostrictive effect 
because of the absence of the internal electrodes 
for applying electric field therebetween. However, 
30 this part is necessary to prevent the fluctuation in 
the components of ceramic 2 of the active layer t 
at the time of high temperature heat treatment 
during the manufacturing process that wilt be de- 
scribed later. 

35 By giving the above-mentioned laminated ce- 

ramic capacitor structure to the element it is possi- 
ble to reduce the distance between the internal 
electrodes of the active layer 1. Therefore, it be- 
comes possible to apply a high electric field to the 

40 electrostrictive material even with a low voltage, 
thereby realizing an element utilizing the longitudi- 
nal electrostrictive effect that can be operated at 
low voltages. 

Now, in an actuator with the aforementioned 

45 Structure the area where the internal electrodes 
overlap (the portion of the innermost rectangle in 
FIG. 1B) is small compared with the cross-sectional 
area of the actuator. 

Because of this, when a large strain is gen- 

50 erated in the part where the internal electrodes 
overlap by the application of a voltage to the ac- 
tuator, there occurs a strong stress concentration in 
the boundary portion 6 between the part where the 
internal electrodes overlap and the part where they 

55 do not, and there may arise cases in which the 
actuator is mechanically broken if the applied volt- 
age is high enough. 

in order to improve such a defect of the con- 
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ventionaf actuator, an actuator is proposed in which 
grooves (referred to as slits hereinafter) parallel to 
the internal electrodes are provided on the side 
face of the lanninated cerannic capacitor type piezo- 
electric actuator, 

The actuator with this structure is disclosed in 
Japanese Patent Laid Open No. 58-196077, and its 
structure is shown in FIG. 2A and FIG. 2B. An 
actuator of this structure will be called a slit type 
actuator hereinafter. 

FIG. 2A shows a sectional view in a plane 
parallel to the lannination direction of the slit type 
actuator, and FIG. 2B shows the side face of the 
slit type actuator where external electrodes are not 
fornned. 

In this slit type actuator, it is possible to pre- 
vent mechanical breakdown of the slit type actuator 
by dispersing and relaxing the concentration of 
stress at the tinne of generation of a displacennent 
in the slit type actuator, by providing a plurality of 
slits that encircle the side face of the actuator in 
the parts where no overlap of the internal elec- 
trodes exists and hence no strain arises (nanneiy, 
the portion of the cerannic between the external 
electrodes 4a and 4b, and the internal electrodes 
3b and 3a). 

As a result, it is possible to obtain a larger 
displacennent since a voltage higher than for the 
conventional actuator beconnes applicable. 

Next, the nnanufacturing process of the slit type 
actuator will be described. 

First, using the powder of a material that exhib- 
its the electrostrictive effect, such as a lead magne- 
sium niobate-lead titanate ceramic or a lead zir- 
conate titanate ceramic, as the starting material, an 
organic solvent, a binder, and a plasticizer are 
added, and a slurry is prepared by stirring and 
nnixing these ingredients. 

Next, a ceramic green sheet is prepared from 
the slurry by doctor blade method or the like. 

After drying the green sheet, a paste for inter- 
nal electrodes having the powder of a silver-pal- 
ladium alloy as the principal ingredient and a paste 
for slit forming material having carbon as the princi- 
pal ingredient are printed over the green sheet by 
screen printing or the like. 

Next, a ceramic laminated body is obtained by 
integration through stacking and thermocompres- 
sion bonding. 

By treating the ceramic laminated body at 
600 'C in the air, the binder and the slit forming 
nnaterial are thermally deconnposed and dispersed, 
and there are formed vacancies for the sHts. 

Subsequently, a ceramic sintered body having 
in its interior the vacancies for the slits is obtained 
by calcining the ceramic lanninated body at a high 
temperature of about 1100' C. Then, the sintered 
body is cut, and after firing a silver paste for 
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external electrodes on the two side faces where the 
internal electrodes are exposed, lead wires 8 for 
applying external voltage are connected, connplet- 
ing the slit type actuator. 

5 It is to be noted that in order to take out the 

displacement of the actuator to the outside in the 
actual use of the actuator, it is general to bond the 
top and the bottom end faces of the actuator to 
metallic jigs 9 using an adhesive 10 or the like to 

70 transfer the displacement in the actuator to the 
metallic jig 9, as shown in FIG. 3. 

The prior art slit type actuator sometimes gen- 
erates the following inconvenience in the course of 
its manufacturing process. 

15 FIG. 4 shows the state of affairs in the midst of 

the process for manufacturing a conventional slit 
type actuator, illustrating a sectional view of lamina- 
tion of green sheets 13 with the patterns for the 
internal electrode paste 11 and for the slit forming 

20 material 12 being printed. It should be noted that 
FIG. 4 is drawn with the inactive layer part omitted. 

In FIG. 4, the portion of the green sheet in- 
dicated as A has no internal electrodes printed, and 
there are laminated green sheets on which is print- 

25 ed the pattern for the slit forming mennber 12 alone 
on every fifth layer. 

In contrast, the portion of the figure indicated 
as B, the pattern for the internal electrode paste 
alone is printed, and a large number of these 

30 layers are laminated. 

In the figure, the alternate long and short dash 
line drawn in the portion where the slit forming 
materials are laminated {the portion indicated as A) 
shows the cutting position for segmenting the stit 

35 type actuator after sintering the ceramic lanninated 
body. 

FIG. 5 is a sectional view of the ceramic sin- 
tered body obtained by thermocompression bond- 
ing and calcining the ceramic laminated body. In 
40 addition to the integration of the whole system, the 
slit forming materia! is thermally decomposed and 
dispersed to form the vacancies 14 for the slits. 

In FIG. 5, in the portion indicated as A, the 
number of layers with printed pattern is small so 
45 that the degree of application of the pressure at the 
time of the thermocompression bonding is weaker 
compared with the case for the part indicated as B. 

Because of this, the amount of contraction at 
the time of sintering is greater for the portion A 
50 than for the portion B, generating a non-uniform 
contraction as a whole and making the generation 
of cracks in the portion A easier. 

When such cracks 15 are generated, the me- 
chanical strength of the slit type actuator seg- 
55 mented from the ceramic sintered body is reduced 
so that the element tends to be destroyed when a 
bending force is applied. 

Furthermore, when large and deep cracks that 
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reach even to the region between the facing inter- 
na! electrodes are generated, the application of a 
voltage for the purpose of obtaining a displacennent 
may lead to the breakdown of the actuator due to a 
discharge generated between the internal elec- 
trodes. 

For this reason, with the conventional slit type 
actuator it is difficult to take out a large displace- 
ment by the application of a high voltage, so that 
the voltage to be applied had to be limited to low 
values. 

Next, problems that can be generated in the 
use of the slit type actuator will be described. 

As described in the above, to take out the 
displacement of the actuator to the outside it is 
ordinary, in general, to use the actuator by bonding 
its top and bottom end faces to metallic jigs 9 as 
shown in FIG. 3. 

In that case, as the adhesive 10, use is made 
of a resin with high young's modulus so as not to 
absorb the displacement of the actuator, and it is 
general to use a thermosetting resin. 

Accordingly, the bonding of the metallic jigs 9 
to the actuator is carried out by cooling the heated 
state at 1 50 to 200 ' C to the ordinary temperatures. 

In this operation, the amount of contraction at 
cooling in the bonding process is larger for the 
metallic jig because the coefficient of thermal ex- 
pansion of the metallic jig 9 is greater than the 
coefficient of expansion of the actuator. 

Because of this, compressive forces as shown 
by the arrows in FIG. 3 is generated in the end 
face of the actuator, and as a result, the inactive 
layer 5 is deformed as shown by the broken line in 
the figure. 

Further, the deformation of the actuator when a 
voltage is applied to the actuator in the above- 
mentioned actuator will be considered. 

in FIG. 3, when a voltage is applied to the 
actuator, the active layer 1 is elongated in the 
direction of lamination due to the longitudinal elec- 
trostrictive effect and contracts in the direction per- 
pendicular to the direction of lamination due to the 
lateral electrostrictive effect. 

However, there will be generated no deforma- 
tion in the inactive layer 5 so that the active layer 1 
is urged to undergo a deformation as shown by the 
alternate long and short dash line in FIG. 3 (note 
that the elongation due to the longitudinal elec- 
trostrictive effect is not shown in the Figure). 

Therefore, as the combined effect of the two 
kinds of deformation there is generated a large 
tensile stress at the interface of the active layer 1 
and the inactive layer 5, that is, at the part of the 
internal electrode 3c of the outermost layer. 

However, the strength of the actuator against 
tension is weaker at the interface between the 
ceramic and the internal electrode than in the ce- 



ramic itself which is the electrostrictive material. 

Accordingly, when a high voltage is applied to 
the actuator of this structure for the purpose of 
taking out a large displacement, mechanical break- 

5 down tends to be generated at the interface of the 
internal electrode 3c of the outermost layer. 

As is naturally expected, similar situation oc- 
curs also at the internal electrode of the outermost 
layer on the opposite side (namely, on the side of 

10 the bottom end of the actuator). 

Although the description in the above has been 
made with reference to an ordinary actuator which 
is not of the slit type, similar phenomenon also 
takes place in the slit type actuator. 

75 For this reason, in the conventional slit type 

element it is necessary to limit the voltage to be 
applied to lower values in order to generate me- 
chanical breakdown at the interface of the internal 
electrode of the outermost layer. 

20 Summarizing the above, in the conventional slit 

type actuator, cracks tend to be generated in the 
course of the manufacturing process of the ac- 
tuator, and moreover, a large tensile stress acts on 
the interface of the internal electrode of the out- 

25 ermost layer at the time of its use. 

Because of this, the conventional slit type ac- 
tuator has a defect in that it is necessary in its use 
to limit the applied voltage to a low level in order to 
prevent the dielectric breakdown between the inter- 

30 nal electrodes and the external electrodes, and to 
prevent the mechanical breakdown of the actuator, 
so that it is difficult to take out a large displace- 
ment by the application of a high voltage. 

35 SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present in- 
vention to provide a piezoelectric actuator which 
has a structure that can improve the aforemen- 

40 tioned defect. 

According to a first embodiment of the present 
invention, in a piezoelectric actuator of the type in 
which a layer of a material exhibiting an elec- 
trostrictive effect and a layer of internal electrode 

45 are alternately laminated, the respective internal 
electrodes are connected to the external electrodes 
in such a way that the adjacent internal electrodes 
mutually form facing electrodes, and grooves par- 
allel to the internal electrodes are provided on the 

50 side face parallel to the lamination direction, the 
electrostrictive effect element according to the 
present invention is characterized in that the 
groove is provided on the outside, as seen in the 
direction of the lamination, of the outermost layer 

65 of the internal electrodes, and the layer is provided 
also between the internal electrode of the out- 
ermost layer and the internal electrode adjacent to 
it. 
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According to a second mode of the present 
invention, in a piezoelectric actuator of the type in 
which a layer of a material exhibiting an elec- 
trostrictive effect and a layer of interna! electrode 
are alternately iaminated, the respective internal 
electrodes are connected to the external electrodes 
in such a way that the adjacent internal electrodes 
nnutually form facing electrodes, and grooves par- 
allel to the internal electrodes are provided on the 
side face parallel to the lamination direction, the 
electrostrictive effect element according to the 
present invention is characterized in that the ends 
of the internal electrodes connected to one of the 
external electrodes are exposed to the two side 
faces where external electrodes are not fornned. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above-mentioned and other objects, fea- 
tures, and advantages of this invention will become 
more apparent by reference to the following de- 
tailed description of the invention, wherein: 

FIG. 1A and FIG. 1 B are a longitudinal sectional 
view and a projected view, respectively, of 
showing the structure of a conventional piezo- 
electric actuator; 

FIG. 2A and FIG. 28 are a longitudinal sectional 
view and a side elevation, respectively, showing 
the structure of a conventional slit type actuator; 
FIG. 3 is a diagram showing the state of bond- 
ing of the actuator to the metallic jig; 
FIG. 4 is a sectional view showing the structure 
of a ceramic laminated body in the manufactur- 
ing process of the conventional slit type ac- 
tuator; 

FIG. 5 is a sectional view showing the structure 
of a ceramic sintered body in the manufacturing 
process of the conventional slit type actuator; 
FIGs. 6A to 6C are a longitudinal sectional view, 
a side elevation, and a projected view, respec- 
tively, showing the structure of a first embodi- 
ment of the present invention; 
FIG. 7 is a sectional view showing the structure 
of a ceramic laminated body in the manufactur- 
ing process of the first embodiment of the 
present invention; 

FIG. 8 is a longitudinal sectional view showing 
the more preferable structure of a second em- 
bodiment of the present invention; 
FIG. 9 is an enlarged partial sectional view for 
describing the deforming condition when the 
second embodiment of the present invention [S 
bonded to a metallic jig and a voltage is applied; 
and 

FIG. 10 is a chart representing the displacement 
characteristic for describing the effect of the 
second embodiment of the present invention. 



DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring to FIGS. 6A to 60, the slit type 
element according to the present embodiment has 
5 a structure in which the internal electrodes 3b 
connected to the external electrodes 4b are ex- 
posed to both side faces where the external elec- 
trodes 4a and 4b are not provided. 

In the present embodiment, the sectional area 

10 of the slit type actuator is set to be 4 mm x 4 mm, 
the area of overlap of the internal electrodes 3a 
and 3b is set to be 3 mm x 3 mm, and each slit is 
formed to a depth of 0.5 mm from the side face of 
the actuator Into its interior. 

15 The height of the slit type element is 10 mm, 

the mutual distance between the internal electrodes 
is 0.1 mm, and the distance between a slit and an 
internal electrode is 0.1 mm. 

In what follows the manufacturing method of 

20 the first embodiment will be described. 

The first embodiment uses an electrostrictive 
effect material of lead magnesium niobate-lead 
titanate system (0.9Pb(Mgi/3 Nba/g) O3 - 0.1 Pb 
TiOs) as the starting material, a predetermined 

25 quantities of an organic solvent, a binder, and a 
plasticizer are added to the calcined and pulverized 
powder of the starting material, and a slurry is 
prepared by stirring and mixing these ingredients. 
The slurry is cast on a polyester fiim by the 

30 doctor blade method, and a green sheet with thick- 
ness of 130 um is prepared. 

After cutting the green sheet to a predeter- 
mined shape, a paste for internal electrodes having 
the powder of a silver-paladium alloy and a paste 

35 for slit forming materia! having carbon powder as 
the principal component are printed by application 
at predetermined positions by screen printing 
method. 

A predetermined number of these green sheets 

40 are laminated in a predetermined order, and are 
formed into an integral body by thermocompres- 
sion bonding. 

FIG. 7 is a sectional view of the ceramic lami- 
nated body in the present embodiment. It has a 

45 construction in which a pattern of an internal elec- 
trode paste 11a is formed for every other layer in a 
continued fashion. 

Because of this, a uniform pressure is easy to 
be applied to the portions A and the portions B of 

50 the ceramic laminated body at the time of ther- 
mocompression bonding, compared with the con- 
ventional laminated body. 

Next, the ceramic laminated body obtained as 
in the above is treated at 600 'C in the air, the 

56 binder and the slit forming material in the ceramic 
laminated body are removed by thermal decompo- 
sition, and a ceramic sintered body with internal 
vacancies is obtained by calcining it at 1100'C. 
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As mentioned above, according to the present 
embodiment tinere can be obtained a high quality 
ceramic sintered body with no generation of resid- 
ual stress in the interior of the ceramic laminated 
body and suppressed generation of cracks during 
the calculation, because of the application of a 
uniform pressure all over at the time of thermocom- 
pression bonding and integration of the ceramic 
laminated body. 

Finally, after cutting the ceramic laminated 
body at predetermined positions and applying and 
baking a sliver paste for external electrodes on the 
two side faces where the internal electrodes are 
exposed, lead wires for voltage application are con- 
nected, completing the slit type actuator of the 
present embodiment. 

Next, as a result of manufacturing 500 pieces 
each of the slit type actuators of the present em- 
bodiment obtainable as in the above, and the slit 
type actuator of the conventional structure, it was 
found that the percent defective of the former was 
0 % in contrast to the percent defective of 13 % 
{65 pieces) of defective itenns with cracks for the 
latter. 

it is to bo noted that the result of displacement 
measurement at 150V. after subjecting a slit type 
actuator according to the present embodiment and 
a slit type actuator of the conventional structure to 
a polarization treatment at 150V DC for one minute, 
produced a value of 7.5 nm as the displacement 
for both kinds of actuators. 

Next, the second embodiment of the present 
invention will be described, 

FIG. 8 is a longitudinal sectional view showing 
the structure of the second embodiment of the slit 
type actuator of the present invention. 

The structure of the slit type actuator of the 
present embodiment has a cross-sectional area of 
4 mm X 4 mm, the area for the overlapping portion 
of the internal electrodes 3a and 3b. that is, the 
portion where a displacement is generated, of 3 
mm X 3 mm, and the distance between the internal 
electrodes of 0.1 mm. 

In addition, each slit 7 has a depth from the 
surface of 0.5 mm, and a width in the lamination 
direction of 5 um, 

In the present embodiment, besides the above- 
mentioned structure, there are provided a slit 7a at 
the position 50 um outside of the internal electrode 
3c of the outermost layer, and a slit 7b at a 
position between the internal electrode 3c of the 
outermost layer and the adjacent internal electrode 
3d. 

Similarly, slits 7c and 7d are provided on both 
sides of the internal electrode 3e which is the 
outermost layer on the bottom end side of the 
actuator in the figure. 

Hereinafter, the structure as described in the 
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above will be referred to as Structure I. 

The above-mentioned slit type actuator was 
manufactured under the identical process and con- 
ditions as for the first embodiment by selecting a 

5 lead zirconate titanate system ceramic as the elec- 
trostrictive effect material. 

Further, the lamination method of the ceramic 
laminated body, namely, the printing pattern of the 
internal electrodes to the green sheet is made 

w different from that of the first embodiment, and 
made the same as the lamination method for the 
conventional slit type actuator. 

In FIG. 9 is shown an enlarged partial view of a 
vertical section of the case when a slit type ac- 

15 tuator of Structure ! of the present embodiment is 
bonded to a metallic jig 9. 

As can be seen from the figure, a slit 7a is 
provided on the further outside of the internal elec- 
trode 3c of the outermost layer. Further, a slit 7b is 

20 also provided between the internal electrode 3c of 
the outermost layer and the adjacent internal elec- 
trode 3d. 

Of the tensile stress exerted on the interface of 
the internal electrode 3c the stress generated as a 
25 result of bonding to the metallic jig 9 {a force 
acting upward in FIG. 4) is relaxed by the presence 
of the slit 7a. 

On the other hand, the stress which is gen- 
erated as a result of applying a voltage to the slit 
30 type actuator (a force acting downward in FIG. 9) is 
relaxed by the presence of the slit 7b. 

Because of these circumstances, mechanical 
breakdown at the interface of the internal electrode 
3c of the outermost layer is made less likely to 
35 occur. 

Next, in order to confirm the effect of the 
present invention, the top and the bottom ends of a 
slit type actuator obtained as in the above are 
bonded to stainless steel metallic jigs using an 

40 epoxy adhesive, and cured at 150' C. 

On the other hand, for the purpose of compari- 
son, a slit type actuator of the conventional struc- 
ture in which the slits 7a, 7b, 7c, and 7d are devoid 
of the slit type actuator of the present embodiment 

45 was also subjected to a similar processing. 

Subsequently, after giving a polarization treat- 
ment at 150V DC for one minute for 20 pieces 
each of the respective kinds of the slit type ac- 
tuator, the change in the displacement for the case 

50 of application of a voltage at a rate of voltage 
increase of 100 V/min (DC) was investigated for 
each kind. 

The result of the test is shown in FIG. 10. 

In contrast to the occurrence of mechanical 
55 breakdown in the range of 240 to 290 V for the 
conventional slit type actuator, the breakdown volt- 
age was raised to the range of 620 to 690 V for the 
slit type actuator according to the present embodi- 
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ment. As a result, a larger displacement was ob- 
tained for the slit type actuator of the present 
embodiment compared with the conyentional slit 
type actuator. 

Moreover, by manufacturing 20 pieces of a slit 5 
type actuator with a structure that has additionally 
one slit each at positions by 100 um outside of the 
slits 7a and 7c of the slit type actuator of Structure 
I shown in FIG. 6 (referred to as Structure II 
hereinafter), a voltage was applied in the same way w 
as for the slit type actuator of Structure I. In this 
case, the breakdown voltage was further enhanced 
to the range of 720 to 780 V as shown in FIG. 10, 

This result is considered due to a further re- 
duction, brought about by the increase in the num- 75 
ber of slits provided, in the tensile stress generated 
at the interfaces of the internal electrodes of the 
outermost layers by the bonding of the actuator to 
the metallic jigs. 

As in the above, according to the first mode of 20 
the present invention, a ceramic laminated body 
with no internal residual stress can be obtained, 
and a high quality ceramic sintered body with no 
internal creaks can be obtained by calcining the 
laminated body. Therefore, it is possible to manu- 25 
facture with high yield a highly reliable slit type 
actuator which enables one to take out a large 
displacement by the application of a high voltage. 

Moreover, according to the second mode of 
the present invention, in the slit type element it is 30 
possible to relax the tensile stress generated in the 
interface of the internal electrode of the outermost 
layer, at the time of application of a voltage by 
bonding metallic jigs for taking out the displace- 
ment, by providing slits at the positions further 35 
outside of the internal electrodes of the outermost 
layers, and providing slits between the internal 
electrodes of the outermost layers and the respec- 
tive adjacent internal electrodes. Therefore, the 
breakdown voltage that leads to mechanical break- 40 
down can be made higher, and hence a slit type 
actuator that enables one to take out a large dis- 
placement can be obtained. 

Although the invention has been described with 
reference to specific embodiments, this description 45 
is not meant to be construed in a limiting sense. 
Various modifications of the disclosed embodi- 
ments, as welt as other embodiments of the inven- 
tion, will become apparent to persons skilled in the 
art upon reference to the description of the inven- 50 
tion. It is therefore contemplated that the appended 
claims will cover any modifications or embodiments 
as fat! within the true scope of the invention. 

Claims 55 

1. A piezoelectric actuator comprising: a pillar of 
piezoelectric material having a side surfaces 



extending between top and bottom surfaces 
thereof, a first group of internal electrode lay- 
ers embedded within said pillar, each of said 
first group of internal electrode layers being 
spaced apart from each other but electrically 
connected to a first external electrode, a sec- 
ond group of internal electrode layers embed- 
ded within said pillar so as to be respectively 
sandwiched between said first group of internal 
electrode layers and commonly connected to a 
second external electrode, a plurality of 
grooves formed on said side surface so as to 
surround an elongated axis of said pillar, each 
of a pair of outermost internal electrode layers 
being located between a pair of said grooves 
which are located outermost portion of said 
pillar. 

2. The piezoelectric actuator as claimed in claim 
1, wherein said pillar has a rectangular shape 
so as to have four side surfaces, ends of said 
first and second group of internal electrode 
layers are lead out from two of said four side 
surfaces so as to be connected to said first 
and second external electrodes, respectively, 
and a pair of opposed ends of said first group 
internal electrode layers are exposed from re- 
maining two of said four side surfaces, 

3. The piezoelectric actuator as claimed in claim 
1, further comprising a pair of additional 
grooves which are respectively provided be- 
tween outermost grooves and said top and 
bottom surfaces. 

4. A piezoelectric actuator comprising: a plurality 
of electrostrictive effect layers, a plurality of 
internal electrode layers respectively sand- 
wiched between said electrostrictive effect lay- 
ers, two external electrodes alternately con- 
nected to said interna! electrodes, and a plural- 
ity of grooves provided on the side surface of 
a laminated body of said electrostrictive effect 
layers and said internal electrode layers such 
that each of said grooves extends along the 
direction parallel to a principal surface of said 
internal electrode layers, each of the outermost 
internal electrode layers being located between 
a pair of said grooves. 
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® In a piezoelectric actuator of the type which has 
a plurality of grooves on the outer side surface of the 
actuator body, mechanical reliability of the actuator 
is enhanced by providing grooves also in the re- 
spective layers of a material exhibiting electrostric- 
tive effect located over and below the top and the 
bottom ends of the actuator. Moreover, a further 
improvemont of mechanical strength can be attained 
by providing additionai grooves onto the outer most 
grooves. 
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[57] ABSTRACT 
In order to make uniform and smooth elongation of a 
piezoelectric actuator at the end faces thereof, at least 
one piezoelectric active layer with at least one non-con- 
ductive area formed at the central portion thereof is 
arranged between an inactive layer and an extreme 
piezoelectric active layer of the element. 

5 Claims, 6 Drawing Sheets 
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PIEZOELECTRIC ACTUATOR SUMMARY OF THE INVENTION 

BACKGROUNn OF TT4V: TNn/rrxi-rtr.vT therefore an object of the present invention to 

OF THE INVENTION overcome the disadvantages of the prior art and to 

1. Field of the Invention ^ provide a piezoelectric actuator in which elongation of 
The present invention relates to a piezoelectric actua- actuator at the end faces thereof is made uniform 

tor utilizing an eiectrostrictive lengthwise effect which smooth and which can prevent any damage due to 

is suitable for use in piezoelectric actuators any internal stress partially created therein. 

2, Description of the Prior Art present invention provides a piezo- 
A piezoelectric actuator is designed to obtain a min- tl'''J!VTT''' f ^^^"^^"S first piezoelectric active 

ute mechanical displacement utilizing a piezoelectric w *^lectrostnctive ceramic members and 

actuator (hereinafter referred to as^fctuator'O wWch T. ^^'""^ alternately laminated one 

can convert electric ^n^^rcrv int^jT^v. i ^ ^ another and mactivc layers creating no piezoelectric 

Ts use^irtL t I^n^^^^^ ^ mechanical energy and effect and being located on the first piezoelectric active 
con trd oS^^ requireprecise 15 layer on the opposite ends thereof hi the dirS^^ 

m«l nnw n^^^^^ ^ r P''''''''"' '"'^ ^ ^ lamination, said actuator being characterized by at least 

T^iclr^ZTf^^^^^ ^^^'^^ piezoelectric active layer disposed between 

semiconductor IC circuits, an X-Y table used in expo- each of the inactive layers and the first piezoelectric 

sure systems for the manufacture of the IC circuits. active layer, the second piezoelectric active layer also 
plastics injection moldmg machines and so on. 20 serving as an internal electrode which has a non-con- 

Une ot such a type of conventional piezoelectric ductive area thereon, 

actuators is described in Japanese Journal of Annlied ^ 

Physics, Vol. 24 (1985), Supplement 24-3, pp. 209-212. DESCRIPTION OF THE DRAWINGS 

As shown in FIG. 1, the prior art piezoelectric actua- ^^G. 1 is a longitudinal cross-section of a piezoelec- 

tor comprises a laminated sintered member including a actuator constructed in accordance with the prior 
plurality of piezoelectric active layers (hereinafter re- 

ferred to as "active layer'') 2a, 2b, 2c, 2d . . , 2k, 2/ and ^ * ^»ew illustrating deformation of a piezo- 
2m, each layer being made of an eiectrostrictive ce- p^^ctric actuator due to the pizoelectric effect accord- 
ramie material, a plurality of internal electrodes la, lb, present invention, 
Ic . . , Im and In made of silver, palladium alloy or ^ ^ longitudinal cross-section of one embodi- 
platinum, each of which is placed between each pair of ^^^^ ^ piezoelectric actuator fabricated in accor- 
piezoelectric active layers, and inactive layers 3a and 3b with the present invention, 
each in the form of thicker eiectrostrictive ceramic '* l^-^" exploded perspective view illustrating 
sheet, these inactive layers 3a and 3^ beine located to ^^^^ of internal electrodes used in the piezoelectric 
cover the opposite ends of the laminated sintered mern^ ™^^.s.^own in FIG. 3. 
ber. The laminated sintered member also comprises ^ f^^^^^^ FIG ♦. illustrating a 

tered member and disposed to perform electric connec- 
tion on alternate internal electrodes; and a pair of leads DETAILED DESCRIPTION OF THE 
6a and 6b electrically connected with the external elec- PREFERRED EMBODIMENTS 
trodes 5^ and 56, respectively. 45 The present invention will now be described with 

in sucn an arrangement, the piezoelectric active layer reference to the drawings, 
assembly 2 is expanded in its longitudinal direction and FIG. 3 is a longitudinal cross-section of one embodi- 
contracted in a direction perpendicular to said longitu- nient of a piezoelectric actuator fabricated in accor- 
dmal direction when an electric field is applied to the fiance with the present invention while FIG. 4 is an 
piezoelectric actuator. On the other hand, the inactive ^0 exploded perspective view illustrating one type of inter- 
layers 3a and 3b are not subject to any piezoelectric "^^ electrodes used in the piezoelectric actuator shown 
effect. As a result, the piezoelectric active layer assem- ^ ^ I" ^^Cr* 3, parts similar to those of FIG. 1 are 
bly 2 is brought into intense engagement with the inac- ciesignated by similar reference numerals. 
tive layers 3a and 3b. Since the piezoelectric active ^^^^'st of all, an organic solvent binder and plasticizing 
layer assembly 2 is incorporated integrally between the i^aaterial are added to and mixed with a calcinated pow- 
inactive layers 3a and 36, the piezoelectric actuator is of eiectrostrictive material such as titanic acid, lead 
deformed without slippage at the interface between ^""'^^"^^e, nickel lead niobate or the like. The resulting 
each pair of adjacent layers. As a result, the opposite w ""^ is formed into a green sheet having a thickness of 
end faces of the piezoelectric actuator will be bulced ^ ^ ^ •'^"^'.^^'y the usq of a doctor blade process. As 
outwardly, as shown in FIG 2 60 shown m FIG. 4, a conductive paste containing pow- 

This will create uneven strain in the piezoelectric ^^red silver-palladium alloy or platinum is screen 

actuator. pnnted on a laminated sintered member while leaving 

The uneven strain may be overcome if the onnosite "^"-conductive areas S on piezoelectric active layers 2a 

end faces of the piezoelectric actuator eadhe^^^^^^^ 65 mlh 'T"' ^'-^^^ ^^"^^^^^ 

any smooth fixed surfaces. Howevert^s may can e T'^rtV PTk'^^T" f 

worst case, may break the element. smtered member at their central ponions. The conduc 
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tjve paste is screen printed on the other piezoelectric 
active lay.ers 2c, 2d , . . 2k (which will be referred to as 
"first piezoelectric active layers") over the entire sur- 
face areas thereof In this embodiment, the cross-section 
of the piezoelectric actuator is of a square configuration 5 
of 10 mmxlO mm while each of the non-conductive 
areas S is in the form of a circle having a diameter of 8 
mm. 

The inactive layers 3*7 and 3b may be formed of the 
same material as that of the piezoelectric active layers 10 
2a to 2m. After the piezoelectric active layers 2a to 2m 
and the inactive layers 3a and 3^ have been laminated, 
the resulting lamination is pressed under heat and pres- 
sure to form an integral member. After buring out the 
binder, the integral member is fired for three hours at 15 
1000' C. to provide a laminated sintered member as 
shown in FIG, 3. 

The conductive paste layers sandwiched between 
each pair of adjacent piezoelectric active layers will 
form internal electrodes la, lb, Ic. . . Iw and In. 20 

The outer edges of the internal electrodes la, lb . . . 
In expose outwardly at the opposite sides of the lami- 
nated sintered member thus formed. These outer ex- 
posed edges of the internal electrodes are alternately 
covered with insulating layers 4a, 4b, 4c, 4d . , , 4m and 25 
4n each of which is formed by depositing and baking 
powdered glass on the corresponding edge using the 
electrical migration. Subsequently, a pair of external 
electrodes Sa and Bb are formed by applying and baking 
a conductive paste containing powdered silver and glass 30 
on the opposite sides of the laminated sintered member 
so that the internal electrodes la, lb, . . . In will be 
electrically connected together on alternate layers. The 
product is completed when a pair of leads 6a and 6b are 
electrically connected with the external electrodes 5a 35 
and 5b, respectively. 

FIG. 5 shows the other types of internal electrode 
usable in the piezoelectric actuator of the present inven- 
tion. In this drawing, only the internal electrodes of the 
piezoelectric actuator adjacent one (top) end thereof 40 
are shown for simplicity. The cross-section of this pi- 
ezoelectric actuator is of a square shape of 15 mm X 15 
mm. The internal electrodes la, lb and Ic have non- 
conductive areas Si, S2, and S3 having diameters of 13 
mm, 10 mm and 8 mm, respectively. The materia! and 45 
its thickness are the same as those of the previous em- 
bodiment shown in FIG. 4. 

The embodiment shown in FIG. 5 can be applied to 
piezoelectric actuators of larger sizes since the central 
non-conductive areas Si to S3 on the internal electrodes 50 
are different from one another. At the same time, the 
profile of strain at the opposite ends of the piezoelectric 
actuator can be be diminished. 



Although two different kinds of internal electrodes 
have been described as to a single circular non-conduc- 
tive area on a single internal electrode, a single elliptic 
area S4 or a polygonal non-conductive area S5 may be 
provided on an internal electrode as shown in FIG. 6A 
or 6B or a plurality of areas S7 or polygonal non-con- 
ductive areas Se may be provided on the same internal 
electrode as shown in FIG. 6C or 6D. 

From the foregoing, il will be apparent that the piezo- 
electric actuator of the present invention has a reduced 
elongation at the central portion in comparison with 
that of the peripheral portion by adding the second 
piezoelectric active layers onto the opposite ends of the 
first piezoelectric active layers, the second piezoelectric 
active layers having internal electrodes formed with the 
central non-conductive areas. If such central non-con- 
ductive areas are not provided therein, the outer ends of 
the Inactive layers could be bulged outwardly to in- 
crease elongation at the central portion. Thus, the sec- 
ond piezoelectric active layers make the elongation at 
the opposite ends of the element uniform and smooth. In 
addition, any breaking-down of the element can be 
prevented by the second piezoelectric active layers. 
What is claimed is: 

1. A piezoelectric actuator comprising: 
first piezoelectric active layers including an alternate 

lamination of electrostrictive ceramic materials and 
internal electrodes; 
a pair of inactive layers respectively disposed at the 
opposite ends of said piezoelectric actuator in the 
direction of lamination; and 
at least one second piezoelectric active layer sand- 
wiched between an end of each inactive layer of 
said pair of inactive layers and an end of said first 
piezoelectric active layers, each said second piezo- 
electric active layer including a non-conductive 
area formed thereon at the central portion. 

2. A piezoelectric actuator according to claim 1, 
wherein the non-conductive area of said at least one 
second piezoelectric active layer is of a circular, elliptic 
or polygonal configuration. 

3. A piezoelectric actuator according to claim 1, 
wherein each said second piezoelectric active layer has 
a non-conductive area of the same configuration. 

4. A piezoelectric actuator according to claim 1, 
wherein the non-conductive area of each said second 
piezoelectric active layer has a smaller size as the sec- 
ond piezoelectric active layer is located further from an 
inactive layer. 

5. A piezoelectric actuator according to claim 1, 
wherein said at least one second piezoelectric active 
layer includes a plurality of non-conductive areas. 
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(57) Abstract: The mvention relates to a piezo-actuator. for example, for actuating a mechanical component The inventive piezo- 
acmator is provided with a multilayer structure of piezo-layers (2) and electrodes (3, 4) arranged therebetween. In the instance of a 
mumal lateral contacting (5, 6) of the electrodes (3. 4). a neutral phase (7) without an electrode layer is provided, in which fissuring 
can occur and can be prevented by shaping the multilayer structure thus enabling an increased mechanical stress to be applied in the 
area of the neutral phases (7) when the piezo-acniator (I) is mounted in a manner that is perpendicular to the layer structure. 

[Fortsetzung auf der ndchsten Seite J 



wo 00/79615 Al lllllillilllliillliiliiliiillllillllliiiilllll 



Zur Erkldrung der Zweibuchstaben-Codes, und der anderen 
Abkiirzungen wird auf die ErMarungen ("Guidance Notes on 
Codes and Abbreviations") am Anfangjeder reguldren Atisgabe 
der FCT-Gazette verwiesen. 



(57) ZusammenCassung: Es wird ein Piezoaktor, beispielsweise zur Betatigung eines mechanischen Bauteils vorgeschlagen, bei 
dem ein Mehrschichtaufbau von Hezoiagen (2) und dazwischen angeordneten Elektroden (3. 4) angeordnet ist Bei einer wech- 
selseidgen seitlichen Kontaktierung (5, 6) der Elektroden (3, 4) ist eine neutrale Phase (7) oline Elektrodenschicht vorhanden, in 
der Rissbildungen entstehen konnen, die durch eine Formgebung des Mehrschichtaufbaus verbindert werden kdnnen, iiber die eine 
erii(5hte mechanische Spannung, bei einer Einspannung des Hezoaktors (1) senkrecht zum Lagenaufbau. im B^eich der neutralen 
Phasen (7) aufbringbar ist 
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Piezoaktor 



Stand der Technik 

Die Erfindung betrifft einen Piezoaktor, beispielsweise 
zur Betatigung eines mechanischen Bauteils wie ein Ventil 
Oder dergleichen, nach den gattungsgemaSen Merkmalen des 
Hauptanspruchs . 

Es ist allgemein bekannt, dass unter Ausnutzung des soge- 
nannten Piezoeffekts ein Piezoelement aus einem Material 
mit einer geeigneten Kris t alls truktur aufgebaut werden 
kann. Bei Anlage einer ^uSeren elektrischen Spannung er- 
folgt eine mechanische Reaktion des Piezoelements, die in 
Abhangigkeit von der Kristallstruktur und der Anlagebe- 
reiche der elektrischen Spannung einen Druck oder Zug in 
eine vorgebbare Richtung darstellt. Der Aufbau dieses 
Piezoaktors kann hier in mehreren Schichten erfolgen 
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(Multilayer-Aktoren) , wobei die Elektroden, fiber die die 
elektrische Spannung aufgebracht wird, jeweils zwischen 
den Schichten angeordnet werden. Beim Betrieb des Piezo- 
aktors ist darauf zu achten das durch mechanische Span- 
nungen im Lagenaufbau keine storenden Rissbildungen ent- 
stehen. 



Vorteile der Brfinrjunrr 

Der eingangs beschriebene Piezoaktor, der beispielsweise 
zur BetStigung eines mechanischen Bauteils veirwendbar 
sein kann, ist in vorteilhaf ter Weise mit einem Mehr- 
schichtaufbau von Piezolagen und dazwischen angeordneten 
Elektroden auf gebaut . Bei einer wechselseitigen seitli- 
chen Kontaktierung der Elektroden entsteht im Bereich 
zwischen zwei Piezolagen jeweils eine neiatrale Phase. Da 
die jeweils an einer Seite kontaktierten Elektroden kamm- 
artig in den Lagenaufbau integriert sind, mflssen die in 
Richtung des Lagenaufbaus aufeinanderfolgenden Elektroden 
jeweils abwechseln an gegeniiberliegen Seiten kontaktiert 
werden. 

Die an einer Seite kontaktierten Elektroden kSnnen dabei 
nicht vollstindig bis an die gegenQberliegende Seite ge- 
fiihrt werden, da sonst Spannungsuberschiage zur Zerstd- 
rung des Piezoaktors ffihren konnen. Bei einer BetStigung 
des Piezoaktors, d.h. bei Anlage einer Spannung zwischen 
den im Lagenaufbau gegenflberliegenden Elektroden treten 
unterschiedliche mechanische RrSfte im Bereich der Elek- 
troden sowie in den nichtkontaktierten neutralen Phasen 
auf, die zu mechanischen Spannungen xmd Rissbildungen im 
Piezoaktor fuhren kohnen. 

m vorteilhafter Weise wird erf indungsgemtiS bei einer 
Einspannung des Piezoaktors senkrecht zum Lagenaufbau mit 
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einer Formgebung des Mehrschichitauf foaus gezielt eine er- 
hohte mechanische Spannung im Bereich der neutralen Pha- 
sen zur Verhinderung der Rissbildung auf gebracht . 

Bei einer ersten vorteilhaf ten Ausf uhrungsf orm ist minde- 
stens eine auSere Deckschicht des Mehrschichtaufbaus an 
der auSeren Endflache so gestaltet, dass diese im Bereich 
der neutralen Phasen eine Verdickung aufweist und so hier 
gezielt eine erhohte Vorspannkraf t auf gebracht werden 
kann. Die Verdickung kann auf einfache Weise beispiels- 
weise duirch Schleifen der Deckschicht gebildet werden. 

Bei einer anderen vorteilhaf ten Ausf uhrungsf orm wird zwi- 
schen den Lagen des Mehrschichtaufbaus eine Isolations- 
schicht angeordnet, die im Bereich der neutralen Phasen 
jeweils eine Verdickung aufweist und so in vergleichbarer 
Weise wie beim ersten Ausf uhrungsbeispiel wirkt. 

Eine weitere Ausf uhrungsf orm weist in vorteilhaf ter Weise 
besonders gestaltete Elektroden im Mehrschichtaufbau auf, 
die ebenfalls im Bereich der neutralen Phase jeweils eine 
Verdickung aufweisen, wobei hinsichtlich der verschiede- 
nen zuvor genannten Ausf uhrungsf ormen auch einige oder 
alle Merkmale miteinander kombiniert sind, 

Diese und weitere Merkmale von bevorzugten Weiterbildun- 
gen der Erf indung gehen auSer aus den Anspruchen auch aus 
der Beschreibung und den Zeichnungen hervor, wobei die 
einzelnen Merkmale jeweils fiir sich allein oder zu mehre- 
ren in Form von Unterkombinationen bei der Ausf lahrungs- 
form der Erf indung und auf anderen Gebieten verwirklicht 
sein und vorteilhafte sowie fur sich schutzfahige Ausfuh- 
rungen darstellen konnen, fiir die hier Schutz beansprucht 
wird. 
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Zeichnuna 

Ausf^ihrungsbeispiele des erf indungsgemaSen Piezoaktors 
werden anhand der Zeichnung erlSutert. Es zeigen: 

Figur 1 einen Schnitt durch einen Piezoaktor mit ei- 
nen. Mehrschichtaufbau von Lagen aus Piezokeramik und 
Elektroden; 

Figur 2 einen Detailschnitt durch den Lagenaufbau im 
Bereich von neutralen Phasen ohne Anlage einer elek- 
trischen Spannung; 

Pigur 3 einen Detailschnitt durch den Lagenaufbau iiti. 
Bereich von neutralen Phasen mit Anlage einer elek- 
trischen Spannxing; 

Pigur 4 ein erstes Ausfiiihrungsbeispiel eines Piezo- 
aktors, bei dem eine Sufiere Deckschicht im Bereich 
der neutralen Phasen an den Seitenf lachen Verdi ckun- 
gen auf weist ; 

Figur 5 ein zweites Ausfuhrungsbeispiel eines Piezo- 
aktors, bei dem eine §ufiere Deckschicht im Bereich 
der neutralen Phasen an den gegenuberliegenden Ecken 
Verdickungen auf weist; 

Pigur 6 ein drittes Ausfuhrungsbeispiel eines Piezo- 
aktors, bei dem die Elektroden im Bereich der neu- 
tralen Phasen Verdickungen aufweist und 

Figur 7 ein viertes Ausfuhrungsbeispiel eines Piezo- 
aktors, bei jeweils eine Isolationsschicht zwischen 
den lagen angebracht ist, die im Bereich der neutra- 
len Phasen an den Seitenf lachen Verdickungen auf- 
weist. 
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Beschrejbuna dpv Ausf lih-mncrsbRi sp -i <=. 

In Pigur 1 ist ein Piezoaktor 1 gezeigt, der in an sich 
bekarmter Weise aus Piezofolien 2 eines Quarzmaterials 
mit einer geeigneten Kristallstruktur aufgebaut ist, so 
dass unter Ausnutzung des sogenannten Piezoeffekts bei 
Anlage einer auSeren elektrischen Spannung an Elektroden 
3 und 4 aber Kontaktflachen 5 und 6 eine raechanische Re- 
aktion des Piezoaktors 1 erfolgt. 

Aus Figur 2 ist ein Bereich des Piezoaktors l vergroSert 
dargestellt, der die Elektroden 3 und 4 zeigt, wobei hier 
auch die Kontaktierung der Elektroden 4 mit der Kontakt- 
flache 6 zu erkennen ist. Da die Elektroden 3 aufgrund 
der anderen Polaritat einen Abstand. zu dieser Kontaktfla- 
che 6 einhalten miissen sind hier neutrale Phasen gebil- 
det, die anhand der neutralen Phase 7 beispielhaft darge- 
stellt sind. Aufgrund des somit raumlich unterschiedli- 
chen Auftretens des Piezoeffekts entstehen mechanische 
Spannungen in der neutralen Phase 7, die zu einer Mate- 
rialbeeintrachtigung fiihren, die mit der gewellten Linie 
8 schematisch angedeutet ist . 

Nach Figur 3 ist der Bereich aus der Figur 2 mit einer 
angelegten elektrischen Spannung gezeigt, wobei die da- 
durch hervorgerufene mechanische Reaktion des Piezoaktors 
mit Pfeilen 9 und lo verdeutlicht ist. Hierbei ist er- 
keimbar, dass im Bereich der neutralen Phase 7 eine ge- 
ringere Ausdehnung in Richtung der Pfeile 9 und daher ei- 
ne Kraftwirkung in Richtung des Pfeiles 10 bewirkt wird, 
die 2u Rissbildung im Bereich 8 der neutralen Phase 
f uhrt . 

Ein erstes Ausf^ihrungsbeispiel der Erfindung wird anhand 
Figur 4 erlSutert, bei dem eine auSere Decks chicht 11 auf 
dem Mehrsohichtaufbau angeordnet ist, die im Bereich der 
neutralen Phase 7 mit einer Verdickung 12 versehen ist. 
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welche im aufieren Maximum eine GrSSenordniing von 2 bis 8 
lim erreichen kann. Mit dieser Verdickung 12 kann beim 
Einspannen des Piezoaktors 1 eine Vorspannung im Bereich 
der neutralen Phasen 7 aufgebracht werden, die die Riss- 
bildung im Bereich 8 der Elektroden 3 \ind 4 verhindert 
(siehe Fig. 3) . 

Aus Figur 5 ist eine zweites Ausf ilhrungsbeispiel zu ent- 
nehmen, das eine aulSerer Deckschicht 11 mit Verdickungen 
13 zeigt, die an gegenuberliegenden Ecken des Piezoaktors 
1 angeordnet sind. Die neutralen Phasen 7 sind hier eben- 
falls an den Ecken ausgebildet, da bei diesem Ausfuh- 
rungsbeispiel die Kontaktierung der Elektroden 3 und 4 
'Liber eine an den Ecken angebrachte Kontaktf ISche 14 und 
eine nicht sichtbare diagonal gegenfiberliegenden Kontakt- 
flSche erfolgt. 

Beim Ausfuhrungsbeispiel nach Figtir 6 wird eine Verdik- 
kung im Bereich der neutralen Phase 7 durch eine lokale 
Verdickung der Elektroden 3 tmd 4 ausschlieSlich im Be- 
reich der neutralen Phasen 7 bewirkt. 

Ein weiteres AusfQhningsbeispiel nach Figur 7 zeigt einen 
Piezoaktor 1, bei dem im Bereich der neutralen Phase 7 
eine hier extra verdickte Isolationsschicht 15 zwischen 
den Piezolagen 2 eingebracht ist, um auch hier beim Ein- 
spannen des Piezoaktors l eine Vorspannung auf zubringen, 
die eine Rissbildung zu verhindert. 
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Patentianspruche 



1) Piezoaktor, mit 

- einem Mehrschichtaufbau von Piezolagen (2) und dazwi- 
schen angeordneten Elektroden (3,4), 

- einer wechselseitigen seitlichen Kontaktierung (5,6) 
der Elektroden (3,4), v/obei im Bereich zwischen zwei 
Piezolagen, der eine an der jeweils gegenuberliegenden 
Seite kontaktierte Elektrode (3,4) aufweist eine neu- 
trals Phase (7) ohne Elektrodenschicht vorhanden ist 
und mit 

- einer Formgebung des Mehrschichtaufbaus uber die eine 
erhShte raechanische Spannung, bei einer Einspannung 
des Piezoaktors (1) senkrecht zum Lagenaufbau, im Be- 
reich der neutralen Phasen (7) aufbringbar ist. 



2) Piezoaktor nach Anspruch 1, dadurch gekennzeichnet, 
dass 

- mindestens eine auSere Deckschicht (li) des Mehr- 
schichtaufbaus an der ^uSeren Endflache so gestaltet 
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ist, dass diese im Bereich der neutralen Phasen . (7) 
eine Verdick-ang (12; 13) aufweist. 



3) Piezoaktor nach Anspruch 2, dadurch gekennzeidraet, 
dass 

- die Verdickung (12) an gegenuberliegenden Seiten der 
Deckschicht (11), entsprechend der Anordnung der neu- 
tralen Phasen (7) , angeordnet ist. 



4) Piezoaktor nach Anspruch 2, dadurch gekennzeiclmet, 
dass 

- die Verdickung (13) an diagonal gegenuberliegenden Ek- 
ken der Deckschicht (11) entsprechend der Anordnung 
der neutralen Phasen (7) angeordnet ist. 



5) Piezoaktor nach einem der Anspruche 2 bis 4, dadurch 
gekennz ei chne t , das s 

- die Verdickung durch Schleifen der Deckschicht gebil- 
det ist. 



6) Piezoaktor nach Anspruch 1, dadurch gekennz ei clone 
dass 

- zwischen. (einigen oder alien ?) Lagen des Mehrschlcht- 
aufbaus eine Isolationsschicht (15) angeordnet ist, 
die im Bereich der neutralen Phasen (7) jeweils eine 
Verdickung aufweist. 
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7) 

dass 



Piezoaktor nach Anspruch 1, dadurch gekennzeichnet, 

3 

die Elektroden (3,4) des Mehrschichtaufbaus im Bereich 
der neutralen Phase (7) jeweils eine Verdickung auf- 
weisen. 



8) Piezoaktor nach einem der Anspriiche 2 bis 7, dadurch 
gekennzeichnet, dass 

- einige oder alle Merkmale dieser Anspruche miteinander 

kombiniert sind. 



wo 00/79615 



PCT/DEOO/01929 



1/2 




rig.2 Fig. 3 




-.^TERNATIONAL SEARCH REPO. 



Inte lonol AppHcalton No 

PCT/DE 00/01929 



A. CLASSIFICATION OF 9JBJECT MATTER 

IPC 7 H01L41/083 



Aocording to International Patant Claaatfteatfon (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum ckxajmentation aearched (ctaaaHlcation system followed by ctassfflcation svmbols) 

IPC 7 HOIL 



Documentation searched other than minimum documentation to the extent that such documents are included In the (iekis searched 



Bertionic data base consulted *jring the international search (name of data base and. where practicaK search temw used) 

EPO"Internal , PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category « Citation of documsrrt, with Indication, where appropriate, of the relevant passages 



Relevant to daim No. 



US 5 266 862 A (OHYA KAZUMASA) 
30 November 1993 (1993-11-30) 
column 2, line 3-21; figure 3 

EP 0 479 328 A (NIPPON ELECTRIC CO) 
8 April 1992 (1992-04-08) 
abstract; figure 8 



□ 



Further documents are Rsted in the continuation of box C. 



Patent lamity members are listed in annex. 



* Special categories of dted documents : 

'A" document defining the general state of the art which Is not 

considersd to be of particular relevance 
"E" earf isr document but published on or after the international 

filing date 

T" document which nrtay throw doubte on priority clalm(s) or 
which is cited to establish the publication date of ar>other 
citation or other special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other means 

T" document published prior to the international ffiing date txjt 
later than the priority date claimed 



T later document published after the international filing dale 
or priority date and not in conflict with the appUcation but 
cited to understand the principle or theory underlying the 
invention 

■X" document of particular rolovanoe: the ctaimed invention 
cannot be considersd novel or cannot be considered to 
involve an inventive step when the document is taken alone 

•y document of particular relevance: the claimed invention 
cannot be considered to invoh^e an inventive step when the 
document is combined with one or more other such docu- 
rnenta. such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the intemationat seamh 



30 October 2000 



Date of mailing of the international search report 

07/11/2000 



Name and mailing address of the ISA 

European Patent Office. P.B. 5618 Patentlaan 2 
NL'2280HVRij8Wijk 
Tel. (+31-70) 340-204O, Tx. 31 651 epo nl. 
Fax: (431-70) 340-3016 



Authorized officer 



Pelsers, L 



Form PCT/lSAffilO {««x>nd ah«at) (July 1fl92) 



INTERNATIONAL ^iSARCH REPORT 

mfoffiiatlon on patwiC family mambdfv 



Int* onaf Appilottlon No 

PCT/DE 00/01929 



Patent document 




PubScation 




Patent family 


Puljflcation 


cited In search report 




data 




menit)er(s) 


data 


US 5266862 


A 


30-11-1993 


JP 


4159785 A 


02-06-1992 


EP 0479328 


A 


08-04-1992 


DE 


69109990 D 


29-06-1995 








DE 


69109990 T 


12-10-1995 








JP 


4214686 A 


05-08-1992 








US 


5237239 A 


17-08-1993 



Form PCT/ISAA10 (patwrt tmHy annooc) (Juty 1902^ 



INTERNATIONALER RECHERCHENBERICmT 



Mf lonale* iUdanzalclwn 

PCT/DE 00/01929 



A. KLASSIFIZIERUNGOESANMELOUNGSGEGENSTANOES 

IPK 7 H01L41/083 



Nach dor Intemationalen Patemklaaaffikaaon (IPK) ocjar nach der nationaten Kteasifikation und der iPK 



B. RECHERCHIERTE GEBIETE 



Recherchierter Mindestpnifstoff (Klaseffikatkxidsystem und KlasatflkBttonsaymbole ) 

IPK 7 HOIL 



Bocharchierta aber nicht zum Mirxietttprufstoff gehorsnda Verdffenttichungen, aoweit de«e unter die recherchterten Qebiete faHdn 



Wahrand der intemationalen Recherche konsuitjerte etektroniache Oatenbank (Name der Oatenbank und evtl. verwendete Suchbeghffe) 

EPO"Internal, PAJ 



C. ALS WESENTLICH ANGESEHENE UimRLAGEN 



Kategorie" Bezejchnung der Veroffentlkihung, aoweit erfbrderilch unter Angabe der in Betracbt kommenden Teile 



Betr. Anspruch Nr. 



us 5 266 862 A (OHYA KAZUMASA) 
30. November 1993 (1993-11-30) 
Spalte 2, Zeile 3-21; Abbildung 3 

EP 0 479 328 A (NIPPON ELECTRIC CO) 
8. April 1992 (1992-04-08) 
Zusammenfassung; Abbildung 8 



□ 



Weitere Varoffentllchungen aind der Fortaetzung von Feid C zu 
en^ehmen 



Sieho Anhang Patentfamille 



" Beeondere Kategorien von angegebenen VerdffBnttichur>gen T' 
'A' Verofl^entiichung. de den al(gemeinen Stand der Technik deflniert, 
aber nicht ala beaonders bedeutaam anzuaehen ist 

'E" iiteres Ookumeni, das jedoch erst am oder nach dem intemationaten 

Anmetdedatum verdffentiicht worden ist a^i 

V VerdffentlKhung, die geetgnet ist. einen PrraritSteanspruch zwetfalhafl er~ 
echeinen zu lassen. oder durch die das Veroffentlichungsdatum ainer 
atfideren im Recherchenbericht genannten Verdffantik:hung belegt werder\ wy^ 
soli Oder die aus einem anderert beaonderen Qrund angegeben iat (wie 
ausgefuhrt) 

*0" Verdffentllchung, die woh auf eino mundtehe Offanbarung, 

eine Benutzung, sine Ausstellung oder andere Ma5r>ahmen bezleht 

*p* Veroffientlkthung, tie vor dem tntematk>nalen Anmekledatum. aber nach , 
dem beanspnicliten Priorttatadatum veroffentlicht worden ist * 



Spatorn Verdffantllchung, die nach dem intemationdlen Anmektedotum 
Oder dem Prioritatsdatum veroffentlKht worden ist und mtt der 
AnmekJung nichi kollklert. aondem nur zum Verstandnta das der 
Bfindung zugrundallegenden Prinzipa oder der ihr zugiundsllegenden 
Theorie angegeben let 

Veroffentlkshung von besorKlerer Bedeutung; die beanapnichte Erfindung 
fcann aliein aufgrund deeer Veroffentlkihung nk:ht ata neu oder auf 
effindariacher Tatigkett beruhend betrachtet werden 

VeroffendKhung von beeonderer Bedeutung: die l^eanspatchte Erftnotung 
kann nicht als auf erftnderischer Tatigkeit beruhend betrachtet 
werden. wenn die Verdffentlk:hung mit einer oder mehreren arideren 
Verdffenttichungen dieaer Kategorie in Verbindung gebracht wird und 
dieae Verbindung fur einen Fachmann naheliegand tst 

' Ver6ffenttk:hung, die Mftglled daraetben Patentfamille ist 



Datum dee Abschlusees der intemationalen Recherche 



30. Oktober 2000 



Abaendadatum des intematnnaten Recherchenberichts 



07/11/2000 



Name und Postanschrift der Intemationalen Recherchenbehdrde 
Europaiaches Patentamt. P B. 5618 Patenttaan 2 
NL - 2260 HV Rtjswijk 
Tel. (431-70) 340-2040, Tx. 31 661 epo nl. 
Fax: (-tOI-TO) 34<«016 



Bevolimachtigter Bediensteter 

Reisers, L 



Foimblan PCT;lSA/&io (Blatt 2) (Jus 1902) 



INTERNATIONALER REQ-^CHENBERICHT 

Angoten zu Verdffontttchurmen. dto zur aelben Patemfamille gehoran 


Into; snalaeAiCteitzeichan 

PCT/DE 00/01929 


Im Recherchdnbericm 
angpofOhrtds Patentdokument 


Datum der 
Verdffenttichung 


MHglied(er) dor 
Potontfamilie 


Datum der 
VerOffentiichung 



us 5266862 A 30-11-1993 JP 4159785 A 02-06-1992 



EP 0479328 


A 


08-04-1992 


DE 


69109990 D 


29-06-1995 






DE 


69109990 T 


12-10-1995 








JP 


4214686 A 


05-08-1992 








US 


5237239 A 


17-08-1993 



Fonnbtatt PCTJlSWaiO <Anh«ng Patw»tfafnilto)(Jul 19«) 



